Historic,  Archive  Document 

Do  not  assume  content  reflects  current  scientific  knowledge, 
policies,  or  practices. 


scs 

1*9608  #2121 

R26 

no. 74 


UlTITED  STATES  D£PAHTIE?;T  OF  AGRICULTURE 
SOIL  COI'ISERVATIOE  SERVICE 

■Region  8 
Albuquerque,  Nev;  Mexico 


Hugh  G.  Calkins 
Regional  Conservator 


SOIL  CONSERVATION  IN  IRRIGATED  AREAS 

By 

Graham  S.  Quate 


..    c.    lie^--  "  . 


Regional  Bulletin  No.  7U 
Engineering  Series  No,  U 
March  28,  I9UI 


TABLE  OF  CONTENTS 


Page 

Introduction    1 

Inportance  of  Irrigation  Faming       ......  1 

General  Probleins  of  Irri£;ation  Fanning 

Water  Laws  ar.d  Water  Ri£;hts   I4. 

Administration  of  Irrigation  Enterprises    ....  6 

Economic  Considerations        ...    8 

Water  Supplies   9 

Duty  of  Water    10 

Soil  Management  Protlcrns  in  Irrigated  Areas 

General  Soil  Types      .....    11 

Alkali  Control   12 

^         Ground  Water  Control  or  Drainage       ......  13 

^         Erosion  Control  on  Irrigated  Farms         .....  15 

Maintenance  of  Soil  Fertility       .......  I6 

Conservation  of  Soil  i'oisture  and  of  Water  Supplies  17 

IJoxious  Weeds  and  Plant  Diseases   20 

Adaptation  of  Crops  to  Irrigation  Farming       ...  20 

Su.'-.x;.ary   21 

Ackno'Tledgm-ents    22 


SOIL  CONSERVATICII  IN  IRRIGATED  AREAS 


Introduction; 

In  viewing;  the  scattered  and  oasis-like  a£;ricultural  comnuni- 
ties  of  the  vj-estern  states,  it  is  difficult  for  the  casual  observer  to 
realize  that  more  often  than  not  erery  bit  of  greenery  in  sight  is  de- 
pendent upon  the  artificial  and  almost  continuous  application  of  water. 
In  fact,  the-  very  presence  of  human  habitations  in  many  western  locali- 
ties depends  upon  the  availability  of  ^/ator  for  irrigation.     Thus  it  is 
understandable  why  so  many  land-users  in  the  V.'est  continually  emphasize 
the  necessity  for  direct  and  determined  attacks  upon  problems  r;hich  have 
to  do  with  the  control  and  use  of  water.     Under  such  circumstances,  it  is 
obviously  impossible  to  develop  end  carry  out  comprehensive  soil  conser- 
vation programs  ^vithout  takinr;  into  account  the  varied  land-use  problems 
which  arc  directly  or  indirectly  related  to  availability  of  water  supply 
and  the  utilization  of  such  vrater  for  irrigation  and  other  purposes. 
The  importance  of  tb.i  s  relationship  is  further  indicated  by  the  fact 
that  in  most  v/estern  states  all  water  (v.'hether  it  bo  natural  stream  flow, 
storm  runoff,  or  underground  water)  is  considered  to  be  public  property. 
Any  sort  of  unauthorized  interference  vrith  this  water  supply  is  prohi- 
bited by  lavr  and  the  apiiropr iation  of  vmter  for  any  use  whatsoever  must 
be  in  strict  accordance  v.-ith  established  legal  pr'ocedurcs. 

Such  conditions  naturally  create  comi-plicated  administrative 
problems  in  connection  A'ritli  the  efforts  of  agricultural  agencies  (parti- 
cularly the  Soil  Conservation  Service)  to  develop  and  effectuate  soil 
conservation  programs  which  are  appropriate  for  and  applicable  to  irri- 
gated areas,  and  which  at  .the  same  time  must  be  in  conformity  v/ith  the 
legislative  acts  authorizing  such  programs.     In  consideration  of  these 
difficulties,  it  3  s  believed  that  c<  review  in  broad  outline  of  the  land 
managomicnt  problem.s  v.hich  are  more  or  less  common  to  all  irrigated  areas 
might  be  helpful  to  those  vrho  have  the  responsibility  of  making  determi- 
nations as  to  the  proper  and  permissible  use  of  publicly  financed  facili- 
ties and  resources  which  have  been  ina.de  available  for  the  development  and 
effectuation  of  soil  conservation  program^s  .    Therefore,  this  paper  has 
been  prepared  for  the  purpose  of  presenting  the  principal  features  of 
irrigation  and  drainage  problems  with  particular  reference  to  the  prepr^ra.- 
tion  of  farm  conservation  plans  for  land-users  engaged  in  irrigation 
farming, 

Importwice  of  Irrigation  Farming: 

The  importance  of  irrigation  farming  in  conaiection  iTith  any 
soil  conservation  progrrjn  for  the  w-estern  states  is  illustrated  by  the 
following  facts  v:hich  are  taken  from  the  "Statistical  Abstract  of  the 
United  States  for  1939"  published  hy  the  U.   S.  Department  of  Agriculture. 
In  this  o.bstract  nineteen  states  are  listed  as  irrigation  states  although 
the  production  of  irrigated  crops  in  four  of  those  states  is  loss  thaji 
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one  por  cent  of  the  ixital  so  produced.     Tvra  of  the  states  listed  (Arkan- 
sas oxid  Louisiana)  have  a  relatively/"  high  average  annual  rainfall  (about 
fifty  inches)  and  the  type  of  agricialture  considerod  as  irrigation  farm- 
ing for  statistical  purposes  is,  of  coursa,  quite  difforent  from  that 
practiced  in  arid  or  soLii-arid  sections. 


Crops  Groi'm  by  Irrigation  in  19  Sta 

tes 

As 

of  1929 

(Latest  Sta.ti 

sties  Available) 

Sta 

tes  are  listed  in 

order  of  irrigated 

acreage. 

Total  Acreage 

rer  Cent;  0 

of  Irrigated 

Acreage  v 

No. 

State 

Crops 

Ti  ri'^.ati 

T_ 

Cal  '.lornia 

3*5Uo,350 

24.^ 

o 

Co  J.r, '  ado 

2,29^,9^7 

•7 

5 

T  -     1^  ^ 

la'J^O 

n     '72  1 ,  -  TOT 

lied 

1 

h 

Mcntpna 

1,3U3*035 

0  0 

9-^ 

Yr/oiT-Gng 

9/o,10c 

0,7 

o 

TT_L  1 

917,-139 

o<.2 

.7 

Oregon 

6^. ,96/ 

1    1 , 

O 

Te?.u,'^ 

59U;257 

1|.0 

9 

Aricona 

i4i+0,8o6 

3.1 

10 

Viiasn.'-x.-.g  von 

2.8 

Nebraska 

UoU;ii8i 

2 "  R 

12 

Louisiana 

Uoo,375 

2.7 

13 

Nevada 

390,192 

2.7 

lU 

New  Mexico 

371,269 

2,h 

15 

Arkansas 

ii46,9io 

1.0 

16 

South  Dakota 

59.361 

o.U 

17 

Kansa.s 

56,939 

o.U 

18 

North  Dakota 

10,651 

0.07 

19 

OkloJioma 

2,109 

0.C3 

TOTAL 

lU, 735, 252 

lOO.Ol^i 

ion 


The  above  includes  crops  prodv.cod  ydthin  federal  irrigation 
projects  Yrhich  in  I929  included  1,177,58L  acres,  or  about  8  per  cent  of 
the  total  irrigated  acreage  in  nineteen  states. 

In  the  'western  states  it  is  difficult  to  dravf  fine  lines  of 
distinction  bet\7een  the  various  tj^pos  of  agricultural  enterprises,  as 
many  ovmers  of  irrigated  farms  also  cultivate  non- irrigated  tracts  and 
may,  in  addition,  ovjn  livestock  v^nich  is  grazed  en  privately  o-ivned  or 
on  publicly  ovmed  range  land  or  possibly  on  both.     The  following  table 
gives  a  com^parison  between  the  irriga.ted  and  non-irrigated  crop  produc- 
ing acreage  in  the  thirteen  vrestern  states  where  irrigation  farming  is 
most  importont. 
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Comparison  of  Irrigr.tcd  cr.d  Fon-Irrigntod 
Acreage  in  I'fi  Vi'cstcrn  States 


States  arc  listed  in  order  of  irrigated  acreage. 


Total  AcroaFe 

Total  />cre"P'o 

PercoTTh  of  State  *  s 

- 

of  "Mod  — 1  r'>^i— 

of  Irrigated 

0  W      0  X  V      0  V_/  v_t     _  i.     1       u .  jtj 

T  o  . 
J.  w  # 

State 

?T  ted  n  ro  OS 

Crops 

u"  '"^05*   T r T  "i  f^'"  *h  i  on 

1 

JL 

T'  '■'1  "1  f'  r  y^i  1  P 

3,083,377 

2 

Pol  Of"" 

L  .ii69.2iiL. 

2  . 291'  Q27 

3 

Idaho 

l,I|i.;3,LL[4-6 

1,731-1,321 

5U.8 

1 

h 

I'ont:^jia 

6,535',590 

i,3U3,035 

17.0 

5 

TYyomng 

1,022,836 

987,106 

i4-9.1 

6 

Utch 

203,015 

917,139 

76, k 

7 

Oregon 

2,223,500 

637,967 

22.3 

8 

Texas 

30,171,802 

50k,  287 
14148,306 

1.9 

9 

Arizona 

51,536 

89.8 

10 

Washing ton 

5,255,826 

Uo5,027 

11.1 

11 

Nebraska 

21,027,619 
•  6,577 

[!,0i4,l;61 

1.9 

12 

K ova da 

390,192 

98.2 

13 

Nenv  Mexico 

1,126,100 

371,269 

2k.3 

Fnilc  th 

is  table  illustrates  the  extent  of 

land -use  for  two 

ge]-,cral  tyjies  of  farming,  it  does  not 

give  a  true  pictu.r 

c  of  their  rela- 

tiv,„ 

iiuportaiicc  as 

the  per-acre  value 

of  crops  produced 

on  irrigated  land 

is  generally  many 

times  greater  thrn. 

for  non-irrigated  1 

and  • 

It  is  not  Tifithin  the  scope 

of  this  pr.per  te 

discuss  the  rela- 

tive 

importox.co  of 

larid-usc  for  cultivated  crops  as  compared  with  the  use 

cf  op 

er.  range  land 

?  for  production  of 

livestock,  but 

in 

connection  with 

soil 

cens^..rvation 

prOfJiraiiis  for  the  western  states  it 

is 

necessary  to  keep 

in  id 

nd  that  tliere 

is  a  certain  definite  relationship  betvveen  these  two 

types 

of  agricultii 

ral  entenoriscs. 

The  foregoing  clearly  indicates  that  attcm.pts  to  develop  soil 
conservation  programs  for  the  western  states  must  take  into  consideration 
the  fact  that  the  primary  concern  of  gr^at  numbers  of  landov-ners,  and  even 

a  large  part  cf  the  general  public,  has  to  do  with' the  possibilities  of 
increasing  er  conservii-.g  irrigation  viator  supplies,  in  attaining  greater 
efficiency  in  the  \ise  cf  water,  and  in  assuring  tlie  m.aintenanc e  of  soil 
prechictivity  in  irrigated  areas.     In  connection  a-ith  frequent  proposals 
for  securing  an  expansion  in  irrigated  acreage,  it  is  well  to  note  that 
the  possibilities  of  increasing  available  water  supplies  through  the  con- 
structicn  of  largo  storage  reservoirs  are  extremely  limited  and  that  tixe 
greatest  opportunity  for  a  general  improvement  in  western  irrigated  agri- 
culture is  in  the  field  of  improved  irrigation  farm.ing  pro.ctices  includ- 
ing improvements  to  distribution  system-s. 
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GENERAL  PROELFl'B  OF  IRRIGATION  FARMING 


Water  Lots  :^nd  Water  Ri<T;hts: 


All  of  the  western  states  have  lews  governing!;  the  use  of  \7ater 
for  irrigation.     Host  of  these  states  require  that  persons  desiring  to 
use  Tfater  must  file  an  application  with  proper  state  officials  ?Jid  'chat' 
a  periut  for  water  use  he  granted  before  any  proposed  use  becomes  legal,  ■ 

Most  of  the  water  laws  which  have  been  developed,  by  the  vrestern 
states  are  based  on  the  theory  that  all  waters  are  proDerty  of  the  state 
and  tliat  rights  to  the  use  of  i^-ator  may  be  established  only  by  appropria- 
tion rnd  use.     The  follo\,"ing  o.bstract  fron  the  "Revised  Statutes  of  Utah 
for  1953"  illustrates  this  theory: 

"Chapter  I,  General  Provisions, 

"100-1-1  „     The  water  of  all  strear-.s  md  other 
sources  in  this  Stabc ,  Tvheiher  flo^?ing  above  or  under 
the  ground  in  known  c^r  defined  n.-.turr-l  chcjrinels  is 
hereby  declared  to  be  ""iio  property  of  the  public," 
subject  to  r.ll  existing  rights  to  the  use  thereof, 

"100-1-5 .     Beneficial  use  shall  be  the  basis, 

the  measure  and  the  limit  of  all  rights  to  the  UvSe 
of  vfater  in  this  State, 

"l.DO-1-Ii.    ^Nhcn  an  appropriator  or  his  successor 

in  interest  abandons  or  ceases  to  use  water  for  a 
period  of  five  years  the  right  ceases,  and  thereupon 
such  water  reverts  to  the  public  and  may  again  be 
appropriated  as  provided  in  this  title, 

"100-1-5.     The  use  of  water  for  beneficial  pur-  . 
poses,  as  provided  in  this  titl>:-,"is  hereby  declared 
to  be  a  public  use," 

Under  the  common  law  concerning  water  rights  as  developed  in 
the  western  states,   an  appropriator  acquires  no  title  to  water  but  only 
the  right  to  its  use.     This  principle  is  brsed  on  the  idea  that  water  in 
an  arid  region  is  too  precious  to  be  v/asted  arid  that  prior  appropriators 
do  not  obtain  title  to  my  specific  vmtcr  but  only  the  right  to  the  use 
of  a  specific  quantity.     The  coriinon  law  further  provides  that  if  a  claim- 
ant of     v;ater  right  cejinot  use  or  cannot  make  the  vfater  clair.cd  avail- 
able for  use,  he  cannot  prevent  tmother  from  using  it.     No  one  is  en- 
titled to  mere  water  for  ojiy  specifiti  purpose  than  is  reasonably  necessary 
to  supply  his  needs  for  that  purpose,  regardless  of  the  quantity  that  has 
been  used  and  the  length  of  tine  it  m.ay  have  been  used.     0\---nors  of  land 
on  Yihich  se-vpage  and  waste  water  collects  have  legal  rights  to  make  bene- 
ficial u;ie  cf  such  percolating  waters.    Appr opriators  have  the  right  to 
stere  v/ater  for  future  seasonable  use,   subject  alv/ays  to  the  rights  of 


other  appropriators ,    Appropriators  r.re  usually  ontitlod  to  easoments 
over  private  property  for  the  cor-veyance  of  vrater  in  natural  strnains. 
All  matters  concerning  -.vater  ri^^hts  are  subject  to  judicial  determina- 
tions. 

Many  of  the  available  moars  of  irjcrcasing  efficiency  in  the 
use  oi'  irrii?;ation  v;ator  arc  to  sone  degree  affected  by  existing  v/ater 
rirl-icn  or  by  local  lav/s  and  custo::!? .    V/hen  irrigation  "vz-ater  is  diverted 
directly  from  sriTall  natural  streams  without  the  advantages  of  storaro 
ror;-ervoirs ,  it  is  the  Uoual  c-.:.stom  bo  mpJr'.c  a  division  of  tl\e  v/atcr  to 
each  irrigator  on  the  basis  rf  a  certain  part  of  the  total  supply.  In 
many  such  streams  water  rigbi'^'o  arc  classed  as  tc  priorities  of  appro- 
priation.    If,  for  oxaiTiple,  t}iree  groups  of  land -users  have  rightf,  of 
different  priority  for  the  entire  flovr  of  a  smnll  stream  ■'.dth  one  group 
having  a  prim;ary  right  for  all  flow  up  to  10  cvbic  feet  per  second, 
another  having  a  secondary  right  for  all  flow  fi'om.  10  to  15  c.f.c,, 
while  th^  third  has  a  right  to  the  use  of  flov;-  in  excess  of  I'ii  c,f,3,, 
it  is  obvious  that  tlie  several  class-js  of  right  are  variously  afrcoted 
as  scasoMcl  variations  in  the  stream  flcv/  occur.     If  spring  opens  early 
and  gradually,  the  high  water  flow  is  extended  over  a  long  period  of 
tiiac  r.nd  ths:  largest  part  of  the  stream  is  secured  by  tliose  holding 
first  p>:'iority  rights.     But  if  high  water  comes  dovm  in  very  high  flows 
of  relatively  short  duration,  the  first  priority  users  are  entitled  to 
only  a  part  of  the  total  floiv  and  the  holders  of  second  and  third  prior- 
ity rights  m.ay  secure  water  in  abundance  for  their  lands.  Obviously 

under  such  circum.s toaicos  nrA  vnienever  viator  is  avrilable,  all  of  the 
water  users  ooricerncd  attempt  to  apply  excess  qu;uitities  to  their  land 
i.;ith  th;,  deleterious  effects  discussed  elsoivhere  in  this  report.  Under 
such  conditions  the  construction  of  new  or  additional  ^vater  storage 
space  is  justifiably  part  cf  a  soil  conservation  progrom  but  such  develop- 
ments would  necessarily  depend  upon  the  o.bility  of  the  interested  land- 
o'Ti'ors  to  make  equitable  and  adequate  adjustments  in  the  water  rights 
involved. 

In  the  law  governing  water  riglrts,  beneficial  use  is  con- 
sidered to  be  "the  basis,  th.e  measure-  and  the  liiut  of  water  rights". 
The  use  cf  this  standard  frequently  results  in  practices  \;hich  are 

wasteful  of  both  soil  and  v:ator  because  by  it  farmers  arc  sometimes 
stimulated  to  irrigate  when  irrigation  is  not  necessary  and  to  apply 
v;o.tcr  iri  excess  of  actual  needs  because  they  believe  that  such  use  is 
necessary  to  protect  their  righ.ts.    Also,  since  rights  of  priority  in 
tlie  utilizc'.tion  of  limited  water  supplies  are  estrblishod  on  the  basis  ' 
of  principle  that  tiiosc  first  in  time  of  use  are  first  in  rights  of  use, 
the  initial  efforts  of  the  ecrly  settlers  tc  utilize  water  for  irriga- 
tion have  had  :m  important  influence  on  ill  e  irrigation  problems  of  today. 
The  natural  tendency  of  the  first  settlers  on  a  sm.all  stream  was  to  se- 
lect tl:e  diversion  point  v/hich  could  be  most  expeditiously  developed  smd 

tc  avoid  as  much  as  possible  the  construction  of  extensive  car.al  or  ditch 
systc-tvis.     Thus  it  naturally  crjne  about  that  the  best  v/ater  rights  vfore 
not  alwo.ys  applied  to  the  best  soil  and  this  is  a  condition  still  fre- 
quently encountered.     Thus  some  forms  of  water  use  rhicb.  are  held  by'the 
coui'ts  to  be  "beneficial  use"  are  not  beneficial  in  a  stricter  sense. 
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An  exact  interpretation  of  tlie  term  "bensficial  use"  is  so 
difficult  that  many  persons  have  urged  that  it  b©  replaced  "by  the  '  tern 
"economical  use".     On  the  other  h:-nd,  an  understanding  as  to  vrhat  con- 
stitutes "economical  use"  of  water  is  frequently  influenced  by  the  in- 
dividual user's  understanding  as  to  ■i\hat  constitutes  the  basis  for  his 
claimed  liy-ater  right.     If  the  farmer  fools  that  ar^  attempt  is  being  made 
to  measure  and  limit  his  vfater  right,  he  v;ill  insist  that  his  needs  are 
greater  than  can  be  deduced  from  a  strict  analysis  of  v/hat  constitutes 
economical  use.     Hov/ever,  from  the  standpoint  cf  the  public  in  o.rid  re- 
gions it  is  desirable  that  water  be  distributed  and  used  in  accordeJice 
with  truly  economical  duty. 

The  developm.ent  of  comprehensive  conservation  program.s  for 
irrigated  areas  may  depend  in  a  measure  on  the  correction  of  misconcep- 
tions regarding  the  true  meaning  of  "beneficial  use"  or  "economical  use". 
It  ma 3'"  oven  be  necessary  for  the  public,  through  the  legal  means  avail- 
able to  it,  to  interpret  the  beneficial  use  doctrine  in  a  v."ay  wiich  v^ill 
tend  to  correct  certai.n  tendencies  towards  wastefulness  in  the  use  of" 
water  end  stimulate  economical  rrxjthods  instead.     It  is  true  that  there 
are  mcny  things  vh.ich  the  individual  farmer  can  bo  encouraged  to  under- 
take but  some  of  the  broader  problems  can  be  met  only  by  the  united 
action  of  a  majority  of  the  loiid-users  involved,     I'c  may  be  that  the 
requisite  of  good  management  in  some  irrigation  enterprises  may  depend 
upon  public  oimership  and  public  stewardship  of  irrigotion  systems  above 
the  point  of  delivery  to  individual  farms.     It  is  suggested' tliat  the 
possibility  of  soil  conservation  districts  undertaking  this  responsibil- 
ity is  worthy"  of  serious  consideration. 

Administration  cf  Irrigation  Enterprises: 


In  the  formulation  of  soil  conservation  programs  for  irrigated 
areas,  it  is  necessary  to  consider  that  irrigated  land-use  is  usually  of 
a  cooperative  nature  in  that  water  rights  most  frequently  consist  of  the 
privilege,  to  use  a  portion  of  a  given  supply,     Instaiices  in  vrhich  the 

land  operator  has  a  right  to  use  water  in  a  mariner  entirely  independent 
o'f  other  rights  are  relatively  rare.     The  com.bination  of  interests  in- 
volved in  nearly  all  use  of  water  in  the  Vlcst  is  illustrated  by  one  of 
the  requirements  of  the  lav/s  of  Utah  bearing  on  the  problem  of  the  joint 
ov/nership  of  irrigation  systems  vfhich  says  that  "vrhen ' tr-ro  or  more  persons 
arc  associated  in  the  use  of  any  dam,  canal,  reservoir,  ditch,  lateral, 
flum,.e,  or  other  means  of  conser^dng  'and  convcjdng  vrater  for  irrigation  of 
land  or  for  other  purposes,  each  of  them  shall  be  liable  to  the  other  for 
the  reasonable  expenses  of  maintainin.r ,  operating,  and  controlling  the 
sam.e  in  proportion  to  the  share  in  the  use  or  ov.iiership  of  the  v:ater  to 
which  he  is  entitled".    Under  the  comj-on  lav;  the  point  cf  diversion  or 
even  the  place  of  use  for  vrc.ter  cannot  be  changed  if  such  chai'ge  preju- 
dices the  rights  of  others. 
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IVht-re  there  is  joint  ov/nership  o£  j.rrigation  systems  (and 
this  ic  the  usual  situation  in  irrigated  areas)  there  must  be  some 
type  of  organiy.ation  to  administer,     operate^,  and  maintain  such  enter- 
prises.    Th.:ise  administrative  orgajr.izations  aru  of  several  types  T.rhich 
may  be  classified  in  general  as  associations,  corporations,  ajid  legal 
districts,    Vfith  reference  to  tlie  latter,  it  is  believed  th^t  the  lavs 
for  the  ostabli;;hncnt  of  irrigation  and  drainage  districts  do  not  have 
any  groat  influence  on  the  soil  m.anagemont  problems  of  irri[;ated  areas 
but  the  oxteiJ.t  of  these  orgf;r  i zations  is  so  great  that  a  study  should 
be  made  of  tlioir  relationship  -co  agricultural  programs  in  the  -western 
states. 

^11  important  example  of  the  association  or  corporate  type  of 
organization  is  found  in  the  mutual  irrigation  company  nlan  ar,  it  has 
been  developed  in  Utah  and  vhich  is  the  system  ol'  administration  used 
for  the  greater  part  of  all  priirate  irrigation  enterprises  in  this  State • 
A  mutual  irrigation  com.pany  is  cai  organization  of  water  users  set  up  for 
the  e.xiclusivo  pu.rpose  of  excjrcising  control  over  irrigatj.on  systems  and 
to  direct  the  operation  and  rraintonaucc  of  such  systems.     Mutual  irriga- 
tion comnr\nies  may  bo  either  incorporated  or  uD-incorpcrated  but  the  in- 
corporated com.pany  ha.'j  some  practical  advantages.     Wa.ter  under  the  con- 
trol of  a  mutual  company  organized  under  the  general  corporation  layrs  of 
Utah  may  be  delivered  to  stockholders  only.     The  active  management  of  a 
m.utual  irrigation  company  is  in  the  hands  of  a  board  of  directors  (or 
other  governing  body).     The  stockholders  usually  meet  annually  to  elect 
officers  ;.nd  to  decide  questions  of  general  policy.     Special  r.eetings 
iiiay  bo  hold  •whenever  necessary.     The  interests  of  ovfi-iers  of  a  mutual 
irrigation  com.pany  are  represented  by  shares  of  capital  stock,  evidenced 
by  certificates >  entitling  the  holders  to  stated  am.ounts  of  virater  or  to 
proportioral  parts  of  the  total  water  supply.     The  free  transfer  of  m.u- 
t urv  1  c om.p r. ny  stock  is  p e r mi 1 1 c d . 

Iru.tual  compani^, s  derive  their  revenue  from  assessm.er.ts  vipon 
the  capitr^l  stock,  The  Utah  corporation  law  limits  single  assessmisnts 
to  ten  per  cent  of  the  oi^.tstcoiding  stock  but  does  not  limit  the  number 
of  annual  assessments.  Limits  of  assessments  are,  usually  fixed  by  the 
com.pany  bylavs.  Assessments  are  payable  in  cash  or  labor  or  both. 
Collections  of  delinquent  assessments  are  enforced  by  the  sale "at  auc- 
tion of  the  stock  involved  or  by  the  refusal  of  water  services. 

Mutual  com"Dani(.;s  usu"'ilv  finance  their  future  needs  with 
money  borrowed  on  notes  which  are  secured  by  mortgages  on  the  irriga- 
tion works.     Ordinarily  such  loans  are  for  small  sums  which  are  needed 
to  moot  current  expenses  pending  collection  of  assessments. 

The  mutual  irrigation  company  is  ordinarily  concerned  only 
Vfith  the  operation  and  maintenance  of  the  main  canals  and  laterals  of 
a  system,  while  the  miaintenci:ce  and  operation  of  the  distributing 
ditchcis  is  the  responsibility  of  the  water  user. 
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Economic  Considerations: 


The  essential  factors  of  a  successful  irrigC'.tion  enterprise 
are  hir;h  quality  soils  end  reasonable  irrigation  costs.     Because  ini- 
tial investrriGiit s  and  current  operation  costs  on  an  irrigated  farm  are 
necessarily  higher  than  for  most  t^'^pes  of  agricultur-,^ ,  the  tendency  for 
these  costs  to  exceed  feasible   limits  must  be  guarded  against,  crop 
yields  must  be  maintained  at  a  high  IcArel,  and  the  long  continued  pro- 
ductivity of  the  land  m.ust  be  assured.     The  fin?Jicial  distress  of  many 
irrigated  sections  is  related  to  the  imposition  of  inordinate  overhead 
charges,  a  gradual  falling  off  in  soil  productivity,  attempts  to  culti- 
vate soils  not  suited  to  irrigation  fcxrmingj  and  the  inability  or 
failure  of  landoY-mers  to  adapt  their  farm  management  practices  to  chang- 
irig  conditions. 

Under  ordinary  circur-stances  the  annual  overhead  cost  for 
irrigated  land  should  not  exceed  ,^.2,00  per  acre  for  taxes,  ■•2.00  per 
acre  for  repa^nrient  of  irrigation  developmor-t  costs,  and  $2,00  per  acre 
for  irrigation  overhead  and  mainton^'jr^cc.    T.h.erisver  the  aggregate  over- 
„head  costs  to  bo  borne  by  irrigated  land  exceeds  ^6,00  per  acre  per 
year,  there  is  little  if  any  chance  for  a  reasonable  return  to  the 
farmorj  he  usually  loses  interest  in  the  untorprisc  a::d  inefficient 
furring  methods  result.     Of  course,  there  are  m.o-ny  possible  oxccptions 
to  the., general  rule  concerning  permissible  overhead  charges  such  as  o.re 
fomd  in  localities  vrith  exceptionally  favorable  climatic  conditdcns 
which  permit  tlic  intensive  production  of  highly  specialized  crops. 

Many  irrigation  enterprises  h^ve    been  initia.ted  on  the  basis 

of .  estij.iat'es  \ihi  ch  vrcre  reasonable,  but  all  too  frequently  the  prelimi- 
nary estimates  have  been  misleading  because  the  devclopm.eiit  ■kvas  based 
on  over-optimistic  estimates  of  available  water  supply,  and  large  pro- 
porti.ons  of  lands  not  suited  to  irrigation  agricultijrc  were  assumed  to 
bo  capa.ble  of  bearing  a  share  of.  the-  costs.     In  addition  to  rAstakos  in 
dotorminirg  the  true  charges  to  be  borne  by  lands  capable  of  producing 
.i:.'rigatod  crops,  conditions  hf.ve  frequently  developed  which  required' 
these  Icj-ds  to  bear  additional  costs  for  drainage,  road  construction, 
maintenance  of  schools  and  other  improvem-ents  made  necessary  by  the 
grovrfch  of  comm.i-uiities .     Through  such  pyramiding  of  costs  the  charges  to 

be  borne  by  irrigated  farm  lands  have  often  exceeded  practicable  limits 
-rnd  have  become  impossible  when  coupled  v-.dth  cxiy  decline  in  soil  pro- 
ductivity.    Although  m.odern  irriga.tion  begar  in  this  region  less  than 
onc  hundred  years  ago,  it  has  already  boon  demonstrated  that  long  con- 
tinued irrigation  farmi:ig  is  possible  only  under  certain  favorable  con- 
ditions and  that  the  productivity  of  some  irrigated  land  is  relatively 
short  lived',    A  decline  in  the  productivity  qualities  of  irrigated  l?jad 
is  usually  the  result  of  the  cumulative  effects  of  factors  peculiar  to 
irrigation  farming  such  as  unfavorable  reaction  of  certain  soil  to  irri- 
gation, alkali  accum.ulations ,  changing  groundwater  tables  r;nd  inade- 
quacy of  water  supplies,  a.11  of  -.^.ich  prcblep.s  arc  later  discussed  in 
dotnil. 
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The  consequences  of  soil  wastage  are  more  serious  in  irrigated 
seccions  than  elsei/here  because  the  developnent  of  irrigation  enter- 
prises requires  heavy  co.pitt:!-  investments,  operation  ^;nd  mriintencnce 
costs  are  high,  and  it  is  frequently  necessary  to  protect  the  originp-.l 
inve s ti-ient  rdth  additional  expenditoires  for  drainage  and  other  necessary 
vrorks.     Inasriuch  as  entire  communities,  counties,  and  states,  to  say 
nothing  of  the  londovmers  and  their  creditors,  are  concerned  with  the 
successful  operation  of  irrigation  enterprises,  it  is  entirely  proper  that 
pr,tiic  organ i zations  should  assist  in  the  development  cjid  actual  apj'lica- 
tion  of  sound  irrigation  and  drainage  methods  for  the  conservation  of 
both  soil  and  water,  thus  helping  in  the  alleviation  of  financial  stresses 
•and  i.'.i  the  creation  of  sound  and  solvent  conditions  for  irrigated  areas. 

TTator  Supplies: 

In  a  groat  many  irrigation  commujaitics  water  is  obtained  by 
direct  diversion  from  na.tur^vl  streams  and  the  nature  of  the  water  supply 
not  only  limits  the  extent  cf  agricultural  development  but  also  h;;.s  a 
direct  relationship  to  methods  of  application  rnd  the  kind  of  crops  which 
may  bo  groyqi.     Svoh  lirdtaticns  are  further  aggravated  in  years  of  drought 
i;hon  the  periods  of  low  water  supply  coincide  with  seasons  in  v/hich  there 
is  the  grcatr.st  need  for  irrigation. 

Figures  rjhoi/ing  average  annucil  precipitation  in  the  western 
sta.tes  arc  usually  misleading  because  wet  years  raay  out^.Teigh  dry  years 
in  ccjapui:lr:g  avtjra.ges.     Also,  the  dry  yea.rs  tend  to  com;,  in  groups  csid 
the  diimr.ge  caused  by  a  drought  rapidly  mounts  "■./ith  its  duration.  Also, 
the  avcrixge  annual  precipitation  may  vary  greatly  from,  one  section  to 
ano'^;hcr.     In  general  (with  importan.t  exceptions  in  the  ncrth7rest)  pro- 
cipitatio]!  increases  progressively  with  altitude  and  occurs  mostly  in 
winter  and  spring.    Thus,  the  greater  part  of  the  precipitation  in  western 
states  falls  in  nuuntainous  sections  in  the  form,  of  snow,  creating  a 
na.tural  rosorvoir  from  Vv-lienoc  comes  a  very  material  portion  of  the  toto.l 
v;'ati.  r  supr^ly.     This  results  in  a  som/jwhat  unequal  geographical  distribu- 
tion of  vfater  supply  i.ith  rGsp:.ct  to  demand  and  since  the  greater  part  of 
the  m.ountain  snoi;:  m.elts  in  spring  rnd  early  sumjTtor,  there  is  also  a  prob- 
lem of  seasonal  inequality  bet-ween  supply  cr.d  demand, 

Anothnr  importrait  problc]-!  bearing  on  vrater  supply  is  the  loss 
of  I'ater  in  troj.''.smission  through  unlined  canals  and  ditches.     The  usual 
peroolr! ticn  losses  from  'tiiis  cause  are  reported  to  be  seldom  less  than 
20  per  cei'.t  and  often  reach  a  high  of  60  per  cent  of  the  total  flow. 
Soil  conservation  programs 'for  irriga.ted  areas  should  include  provisions 
for  the  determ.ination  of  losses  in  canals  and  ditches.     Economic  con- 
siderations limit  the  work  of  placing  impervious  linini's  in  canals  to 
those  sections  "here  m.easurements  indicate  that  losses  are  actually  tak- 
ing place.     Since  under  the  common  law  v/ator  rights  may  be  esta.blished 
for  t]ie  ijsc  of  percolating  v:aters,  it  is  necessary  that  proposals  for 
the  cojisorvation  of  v/ater  by  lining  of  ditches  and  canals  be  preceded  by 
thorough  investigations  concerning  the  possibility  of  such  v:orks  inter- 
fering v;ith  the  rights  of  other  users  vihc  may  be  depending  on  seepa^ge 
water  which  would  be  shut  off  by  the  proposed  improvements. 


-9- 


The  sop.sonc.l  r.aturo  of  v/ater  supplies  in  the  West  c.lso  creates 

serious  flood  hazards  so  that  the  problem  of  securing  better  seasonal 
distribution  of  wctcr  by  means  of  storage  is  also  related  to  flood  con- 
trol problems  i/hi  ch  arc  of  direct  concern  to  the  general  public. 

During  recent  years  a  system  of  snow  survo^'-s  has  been  developed 
in  many  vj-c stern  states  and  the  inform.ation  obtained  from  those  survej/s 
constitutes  a  valuable  adjunct  to  land  use  programs.    Although  these  sur- 
veys o.re  limited  in  scope,  tangible  benefits  have  already  been  demon- 
strated.    Farmers  are  eno.bled  to  undertake  advanced  crop  pl?Xxning,  con- 
tracts for  specialized  commercial  crops  (such  as  sugar  beets)  mx.y  be  ad- 
justed to  fit  Hie  predicted  -water  supply  and  precauticns  can  be  taken 
against  property  damage  from  possible  floods  prodviced  by  abnormally 
heavy  snov^-  covers.     Since  sno?;  surveys  have  a  decided  value  in  connection 
with  lojid  management  planning  and  in  addition  may  result  in  direct  bene- 
fits to  entire  coirmunities  including  comi'.iercial,  bar>ing,  and  industrial 
interests,  it  is  desirable  that' this  activity  be  expanded  and  correlated 
v.dth  soil  conservation  program.s# 

In  addition  to  public  undertakings  v;hich  are  ncccssa.ry  to  a 
prediction  of  seasonal  v/ater  supplies,  it  is  desirable  that  soil  con- 
servation progrcans  for  irrigated  areas  include  provisions  for  r.aking 
determinations  as  to  the  quality  of  rratei-  used  for  irrigation  v/ith  par- 
ticular reference  to  the  nature  and  quantity  of  its  saline  content  cxxd 
the  presence  of  colloidal  material.     It  is  a  vrell  knov,Ti  fact  that  the 
waters  from  some  strea:T!s  must  be  judicially  applied  in  order  to  avoid 
adding  hanmful  amounts  of  alkali  salts  tc^  the  soil  v/hilo  ether  streams 
are  heavily  laden  y/ith  colloidal  m.aterial  which  m:ay  have  deleterious  ef- 
fects on  the  soil  to  :iiioh  it  is  applied.     Since  the  proportion  of  solu- 
ble salts  and  also  of  suspended  colloidal  m.aterial  is  usually  less  when 
stream  flovf  is  high  fromi  melting  sncj,  it  appears  that  in  scm.e  sections 
the  construction  of  additional  facilities  for  fhc  storage  of  v;-atcr  m.ay 
be  necessary  in  order  "bo  provide  for  a  mixing  of  good  quality  water  from 
high  stream,  flov/  with  the  low  quality  water  of  low  stream  floTr,     It  should 
be  noted,  however,  that  this  problem  is  somewhat  exceptional.     The  rela- 
tionship bet'.Yeen  quality  of  water  supply  and  efficient  soil  managcm.ent  is 
later  discussed  in  detail. 

Duty  of  Vfatcr; 

The  termi  "duty  of  water"  is  used  to  indicate  the  quantity  of 
water  required  to  irrigate  a  given  area  cf  land.     The  duty  of  v.'-ater  de- 
pends upon  the  type  of  crops  grovm,  climr.te  and  qualities  of  the  soil 
to  be  irrigated.     The  total  quo.ntitj'-  of  \7ater  usually  applied  during  a 
season  x^aries  greatly  in  different  sootions  and  may  even  vary  from  farm, 
to  farm,  in  a  given. area.     The  usual  irrigation  applications  range  from 
about  18  inches  per  year  to  liS  indies  or  more,    YJith  respect  tc  vo>ria- 
tions  in  i/ater  roquir orients  there  is  found  at  one  extreme  those  hot  arid 
sections  vAere  little  or  no  effective     rainfa.ll  occurs  during  the  growing 
season,  vv-hile  at  the  other  extrem.e  are  those  areas  with  a  cool  m.oist  cli- 
mate where  the  soil  is  saturated  in  the  spring  and  part  ■~>f  the  crop  rc- 
quirem.onts  are  m.et  by  rainfall, 
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If  iho  crops  ^rovnr,  c.ro  shrllc-r  rooted  ?.r.d  ecsily  injured  by 
lack  of  moisture,  ijc.tcr  i.iust  bo  avrilablo  at  all  times  during  the  season 
VJhcre  deep  rooted  crops  such  as  trees  ani-l  alfalfa  arc  f;;rawn,  irrigation 
may  bo  delayed  for  reasonably  Ion/'  intervals  of  tine  although  raximuri 
crop  yields  depend  upon  the  ir.aintenance  of  a  certain  amount  of  moisture 
in  the  soil.     Under  especially  favorable  conditions  seme  kinds  of  crops 
c.-.j::  be  produced  v.-i'rJi  one  cr  t-;/o  irrigations.    IIov:evor,  infrequent  iri'i- 
gation  is  usually  inefficient  irrigation,  especially  r.h':n  1.-.  rge  quanti- 
ties of  wat'.;r  are  available  (as  in  the-  cr'so  of  flood  flovis  used  for  irri 
gaticn)  .:.nd  v/herc  excessi-uc  fr.ounts  are  applioc.".  to  the  land.    Under  such 
circuMstancos  plans  for  conservation  of  Loth  soil  and  vmter  should  call 
for  the  construction  'f  storage  facilities  i/horever  possible  in  order  to 
provide  for  more  frequent  and  lighter  applications  of  vmter,  this "being 
o:iG  of  the  usual  requirements  for  conservative  irrigction  farming, 

SOIL  J!AmGE?aSFT  PEOI^LEMS  Il{  IRRIGATSD  AREA.S 

General  Soil  Types; 

S^ils  in  most  irrigated  sections  may  be  grouped  into  three 
general  classes  f  jr  the  purpose  of  considering  soil  rxaiage:p.ent  problems: 

1)  The  liighcr  lands  near  the  r.cimtains  v/hich  are  usually 
of  shallov;  depth,  coarse  texture,  high  permeability,  end  v/ith 
ground  v.'-ater  usually  far  belov;  fho  surface.     These  soils  are 
usually  highl;''  productive  if  available  m.oisturo  is  m.aintained. 
Percolation  losses  are  large  but  alkali  trouble  is  rare  OTid 
productivity  is  usually  v;-oll  sustained.     This  type  of  land  may 
be  damaged  by  excessive  applications  of  irrigation  water  v/hich 
causes  erosion  and  ■'.•;hich  may  carry  av/ay  appreciable  am.ounts  of 
valuable  nitrates.     In  these  soils  the  amount  of  v/ator  oonsur'od 
by  the  plant  cover  is   less  than  the  amount  of  v/o.tor  artificially 
applied, 

2)  Lands  of  medium  elevation  located  botivoen  valley  floors 
and  higher  areas  vdiich  are  usually  made  up  of  soils  of  good 
depth,  average  perm.eability  ojrid  ultl't  the  vater  table  usually 
i/ell  belo"'./  the  surface.     In  some  cases  deep  ])ercolation  losses 
on  these  soils  may  be  compensated  by  raoisture  from,  ground  water 
vmich  is  retu.rred  te  the  root  zone  by  cax^illary  action.  On 
these  soils  the  ojio-unt  of  irrigation  water  consum.ed  by  the 
plo.nts  may  be  about  equal  tc  the  amount  applied  if  the  applica- 
tion is  carefully  m.ade  altho^^.gh  some  percolation  losses  are  in- 
evitable, 

3)  Low  lying  lands  or  valley  bottom,  lends  which  arc  usu- 
ally "of  fine  textured  soils  often  having  low  permeability  and 

irith  tlie  water  table  frequently  neo.r  the  surface.     In  these 
soils  loss  of  \vater  by  deep  percolation  is  negligible-.  How- 
ever •  so  il  productivity  may  be  reduced  by  the  rise  of  the 
v/o-ter  table  whicli  in  turn  m.ay  cavise  the  accumulation  of  alkali 
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salts,  ■  These  soils  rarely  have  natural  drainage  arrd  arti- 
ficial drainage  is  usually  needed  not  only  for  the  disposal 
of  excess  ground  irater  'out  also  for  the  purpose  of  leaching 
out  accujnulated  salts,  all  this  being  for  the  purpose  of  con- 
serving soil  productivity.     On  these  soils,  when  deep  rooted 
crops  are  grovm,  the  amount  of  water  consuxied  by  the  pl.ant 
growth  may  actually  exceed  the  amount  of  irrigation  water 
applied.     Thus,  from  the  standpoint  of  efficiency  in  utiliz- 
ing available  surface  water  supplies  these  lands  are  of  great 
importance  in  some  areas  'Adth  particular  reference  to  the  pro- 
duction of  o.lfalfa.     Occasional  heaver  applications  of  irriga- 
;       tion  water  J  if  there  is  adequate  drainage,  may  be  needed  in 
order  to  dispose  of  alkali  by  forcing;  it  downward  by  deep 
percolation  caid  thence  av/ay  through  artificial  drains.  Under 
such  circum.stances  water  losses  resulting  from,  occasional 
heavy  irrigations  are  justified. 

Any  of  these  three  general  types  of  l?j2d  mxiv  bo  affected  by 
irrigation  with  respect  to  fertility  ojid  also  as  to  physical  character- 
istics including  those  that  are  involved  in  the  absorption,  conveyraice, 
and  retention  of  moisture.     Thus  the  sustained  productivity  of  irrigated 
Icjid  frequently  depends  upon  the  use  of  the  best  laioivn  methods  of  soil 
and  Yfater  laa  nag  erne nt. 

Alkali  Contro_l; " 

In  areas  receiving  light  rainfall  one  important  problem  is 
the  accumulation  of  soluble  salts  in  the  soil.     This  condition  is  partly 
due  to  the  aridity  of  the  climate  v.h.ich  causes  relatively  high  evapora- 
tion fror.i  the  surface  of  moist  soil.     Concentration  of  alkali  salts  on 
the  surface  duo  to  evaporation  of  moisture  carried  to  the  surface  of 
saturated  soils  by  capillary  action,  if  continued  for  very  long,  r-ndcrs 
the  soil  entirely  unproductive.     Irrigation  frequently  constitutes  a 
transportation  process  which  conveys  vratcr  laden  vath  small '  quantities 
of  mdnoral  in  solution  from  high  lands  to  lower  lands  or  brings  soluble 
salts  to  the  surface  of  the  area  irrigated.    As  a  result  cf  these  condi- 
tions large  areas  have  been  made  non-productive  or  at  least  i-uiprof itable. 
Thus,  alkali  lands  are  corarp.on  in  arid  sections  raid  it  is  a  natter  of  con- 
corn  that  alkali  tracts  are  gradually  increasing  in  nui:iber  ar.d  size. 

However,  seme  of  these  so-called  alkali  leaids  are  made  up  of 
soil  vfhich  contains  abundojnt  plant  food  elements  and  the  alkali  condi- 
tion is  frequently  confircd  to  the  first  few  inches  of  the  topsoil, 
J't'jny  of  those  tracts  have  possibilities  for  effective  utilization  if 
economacal  methods  for  their  reclama.tion  are  applied.     Parts  of  m.anj'- 
individual  farm.s  now  Ij'^ing  idle  because  of  alkali  accumulations  could 
be  used  for  intensive  farmdng  to  the  distinct  advantage  of  the  comnvmity 
if  proper  account  is  taken  of  the  fundamental  principles  involved  in 
proper  methods  of  irrigation  and  drainage. 
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A  knovvdcdgc'  of  the  quantity  rjid  r^r^turc  of  tY.a  sclino  content 
of  -.Yr-tur  used  for  irri{:ation  is  necessary  to  tho  systematic  plcxnir.g  of 
irrigation  methods,  cultural  methods,  kirids  of  crops  grovm,  and  crop 
rotations  employed,    Ho'vover,  the  more  determination  of  the  quantity  of 
salts  present  in  irrigation  v/ator  dcos  not  solve  the  problor.  unless  this 
Iaio".:ledgo  is  properly  associated  v/ith  information  concerning  the  soils 
upon  ■.'irhich  the  v;ator  is  to  be  used.     For  example,  the  use  of  saline 
irrigal-ion  v,ratcr  on  opc:n,  v;oll-drained,  sandy  soil  might  bo  pornissible 
v/hercas  tlu:  use  of  the  sarrio  r.-atcr  en  fine  textured,  poorly-drained  soil 
Tvculd  result  in  disaster, 

al].  inst;;r)Cos  v;hcre  the  soil  itself  or  th.,  irrigation  v;ater 
contr'ii:s  liar?;il'ul  alkaline  s:\lts,  periodic  heavy  irri,r,ations  or  irriga- 
tions heavy  enough  to  give  v.  lenching  effect  on  that  particular  soil 
must  be'  used  iu  order  to ''keep  the  salts  moving  av/ay  through  drainage 
systems.     Thus  the  purpose  of  drainage  may  be  •'cATOiold  involving  both 
the  disposal  of  surplus  subsoil  v/ator  and  the  removal  of  the  salts  that 
are  cor.tii.ually  being  bryuglit  to  the   land  in  irrigation  vrater.  The 
necessity  for  occasional  heavy  irrigations  on  some  soils  suggests  that 
the  providing,  of  r.dditional  storag^..  for  i^ater  and  the  installation  of 
dro.inage  facilities  m.ay  be  cn  importojit  factor  in  dealing  with  the  land- 
use  problems  of  some  s^^ctions. 

In  summing  up  the  proble^is  of  alkali  control  it  may  be  said  . 
that, it  is  a  knov-n.  fact  that  the  dissolved  salt  constituents  of  soil 
and  v.-ater  do  acc\;m.ulatc  on  irrigated  land  and  do  impair'  its  productivity 
and  that  this  is  one  of  the  fundrjrii^ntal  problem.s  to  be  met  in  miaintain- 
ing  a  perm.anont  irrigation  agriculture.     It  is  also  knovm  that  the  accu- 
mulation "  i'  soluble  salts  m.ay  result  either  from  improper  irrigation 
■[•ractices  or  from,  inadequate  drainage,  that  the  effect  of  salt  accumula- 
tions arc  seldom  i-i.-r.:ediately  apparent  and  if  not  attacked  promptly  may 
progress  to  o.  point  uhero  rom.edial  me;:.sures  are  expensive,  ard  in  some 
cases  ir.practicable ,     Thus,   soil  conservation  programs  for  r.ost  irri- 
gated aruas  should  include  provisions  for  the  frequent  soxipling  and 
^^^nalysis  .^r  soil  salts  and  the  sampling  and  analysis  rf  irrigation  and 
drainage  ^,j"ater  in  order  that  the  effects  on  the  soil  of  prevailing  irri- 
gation OT-d  drainage  practices  n-r.ii  b-;  observed, 

Groimd  V/ater  Control  or  Drairiage: 

An  im.portant  problem,  in  irrigation  farming  arises  from,  the 
fact  that  in  m.ost,  if  not  all,  irrigation  areas,  irrigation  o.nd  drainage 
ar-   c om.pl orLentafy  practices  or  that  irrigr.ticn  practices  have  a  direct 
ir.fluence  on  drainage  problems.     Vast  acreages  cf  valuable  land  have 
been  rLiinod  by  irrigation  cn.d  the  usual  history  of  an  arid  valley  re- 
claimed by  irriraticn  is  that  some  of  the  lovv-er  land  -which  v/as  at  first 
the  most  productive  is  eventually  ruined  by  v;ater-logging ,  by  alkali 
accumnlaticns  resulting  from,  the  application  of  T;ater  to  higher  l:>jids, 
or  by  seepage  from^  unlined '  canals  or  from,  canals  built  in  embankments 
above  the  surrounding  Icmd. 
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Technic ir.ns  engaged  in  the  propcration  of  conservation  plcjis 
for  irrigated  farra  Trherc  control  of  the  ground  -".vater  table  is  a  protlen 
should  carefully  consider  the  relationship  het^/reen  the  knorm  ground 
viator  problem  and  prevailing  irrigation  practices  on  the  farn  in  question 
There  is  a  lesson  in  the  fact  that  largo  suns  ;:f  noncy  have  been  spent 
in  sono  sections  for  extensive  drainage  i/orks  only  to  discover  later  that 
the  adoption  of  conservative  irrigation  practices  or  the  placing  of  in- 
pervious  linings  in  certain  ccnal  sections  would  have  rendered  sone  of 
the  drainage  installations  "urnccessarv  besides  rreatlv  increasing  effi- 
ciency  in  th.c  use  of  available  T:atcr  sup].ilies. 

Drainage  of  farn  land  in  arid  sections  nay  have  one  or  ncrc 
najor  objectives:     (l)     There  nay  be  a  necessity  for  the  ro:ioval  of  ex- 
cess water  fron  the  soil  in  order  that  crop  production  be  freed  from 
linitations  inposed  by  height  of  ground  water  tablo.     In  this  coionection 
it  is  well  to  note  that  plmts  require  ?n  o.erated  ro:  t  zone,  a  require- 
nent  which  nay  be  net  in  sone  cases  only  by  th:   cstablishnent  of  artifi- 
cial subsoil  drainage.     Lac]r  of  aeration  ray  linit  crop  production  even 
v:hen  the  supply  of  plant  nutrients  is  adequate.     (2)    Drainage  nay  bo 
especially  inportant  because  cf  the  relatively  large  quantities  of  solu- 
ble salts  in  the  soil  or  in  the  water  used  for  irrigation.     Under  such 
0 ircunstraices  lack  cf  drainage  v.dll  result  in  an  accumulation  of  so.lts 
with  detrinent  not  only  tc  the  grovring  plants  but  to  the  soil  itself. 
Thus,  drainage  nr.y  be  necessary  in  order  to  le"ch  excess  soluble  salts 
fron  the  soil  in  order  to  inprove  or  naintain  soil  productivixy,  (3) 
Dro.inage  nay  be  recossary  in  special  cases  for  the  purpose  of  facilitat- 
ing farn  operations  or  even  for  inpro^'^ing  health  conditions  on  the  farn. 

There  are  nany  individual  farns  'vvhcre  independent  drainage 
systens  nay  be  successfully  installed  but  the  novcnent  of  ground  vfatcr, 
like  that  of  surface  water,  trices  place  v.dthout  respect  to  property 
linos  and  it  is  frequently  inpcssible  to  attach  drainage  operations  to 
ony  particular  farn,  especially  if  that  farn  be  s^ixll.     Thus  the  control 
of  ground  water  nxiy  be  a  public  problon  witli  the  ultinatc  solution  de- 
pending to  sone  extent  upon  public  works  supported  by  public  regulations 
and  public  control.     It  nay  be  possible  in  scne  cases  t?  pronoto  drainage 
works  through  the  nediun  of  soil  conservation  districts  in  order  to  serve 
conjnunity  interests  and  tc  avoid  the  difficulties  that  have  scr.etines  re- 
sulted in  the  past  fron  the  application  of  connercial  or  prof it-notivated 
nethods. 

Soil  conservation  prograns  in  irrigated  areas  should  include 
provisions  for  the  assigrjaait  of  technicirns  tc  the  solution  of  drainage 
problens.     B^jcause  of  the  conplico.ted  nature  of  ground  water  control, 
careful  and  detailed  study  is  necessary  for  all  farns  requiring  drainage. 

In  order  to  provide  for  proper  irrigation  practices  and  for  the  practical 
design  end  location  of  drainage  systens  sucli  studies  should  include: 
construction  of  v/ells  and  borings  for  the  deterninaticn  of  ground  water 
levels,  and  for  observations  as  to  the  relationship  bev.Tcen  irrigation 
practices  arr'.  ground  water  trblesj  md  the  prcpco'aticn  cf  naps  to  show 
topography  and  the  r olati -.-nship  tliat  grovaid  water  tables  have  to  the  sur- 
face jf  the  area  to  be  treated. 
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Erosion  Control  on  Irrigated  Farms ; 


Although  erosDon  is  only  one  of  many  ^oil  management  problem.s 
connected  v/ith  irrif^ation  farming,  it  is  frequently  encountered  and  often 
receives  too  little  attention,    FJrosion  on  irrigated  Innd  is  ordinarily 
caused  Ly  excessive  irrigation  grades,  ty  an  improper  applicr:.ti on  of  irri- 
gation water,  end  by  lack  of  an  adequate  vraste  water  disposal  system.. 
Therefore,  the  obvioiis  remedies  for  controlling  erosion  on  irrigated  land 
include  tlv-^  proper  preparation  of  the  land  by  leveling,  provisions  for 
was  bp  i/vater  disposal,  installation  and  use  of  headgates  and  outlet  bokes 
or  other  controlling  devices  to  secure  proper  subdivision  of  flovr,  ajid 
control  of  irrD,_;ation  heads.     Farm,  land  contiguous  to  a  channel  is  es- 
pecially susc-jptible  to  dam.ago  by  he-adcutting  erosion  as  \'rell  as  by  sheet 
erosion,  particularly  vz-hen  tho  A-vastc  water  is  not  thoroughly  controlled. 
Soil  saving  dikes  (located  a  cc.fe  distance  from  tho  charjiel)  with  con- 
trollable wc.sto  v:ator  outlets  are  frequently  required.     In  many  cases 
such  dikes  will  not  only  take  care  of  the  waste  water  disposal  problem 
but  \,'-ill  also  assist  in  checking]  tho  loss  of  fertile  topsoil, 

p]rosion  of  irrigated  land  is  not  only  a  wastage  of  soil  and 
water,  it  eventuoJly  results  in  increasing  t'ae  amomt  of  labor  required 
in  applying  tho  water.     Irrigation  farming  is  frequently  made  m.orc  diffi- 
cult by  erosion  in  ditches,  canals,  or  natural  channels  forming  part  of 
the  distribution  system.     Methods  for  controlling  this  sort  of  orosibn 
m.ay  necessitate  the  installation  of  paving,  riprapping,  cross  checks, 
drops  or  pipes  in  the  ditches  or  canals.     In  the  natural  channels  there 
m.ay  be  a  need  for  bank  protection  works  such  as  revetments,  levees,  and 
jetties,  together  mth  indicated  vv-oody  and  herbaceous  pl.antings,  ■ 

In  tho  formulation  of  soil  conservation  programs  for  irrigated 
aroa.s  emphasis  should  be  placed  on  the  fact  that  there  is  a  direct  rela- 
tionship betvrccn  tho  efficiont  utilization  of  wa.ter  and  measures  for  con- 
trol and  prevention  of  erosion.     For  example,  the  careful  control  of  irri- 
gation wat.^r  to  reduce  surface  runoff  (that  is,  to  eliminate  tho  flow  of 
v/aste  v:atei'  from  a  given  field)  servos  to  reduce  both  soil  erosion  and  the 
gross  v^ater  requirement.     Or,  the  proper  preparation  of  land  for  irriga- 
tion which  is  necessary  to  secure  efficiency  in  use  of  water  also  results 
in  erosion  control,     Tho  direct  relationship  that  exists  betvTeon  soli 
conservation  and  i.'ater  conservation  (in  nearly  all  phases  of  land  manage- 
ment for  irrigated  areas)  is  further  illustro.ted  by  thc;  fact  that  the 
greatest  efficiency  in  the  use  of  water  rn d  the  loa^st  danger  of  erosion 
occurs  on  soils  'vv"hich  are  high  in  orgajiic  content.     For  example,  the  ap- 
plication of  manure  to  the  soil  helps   bo  maintain  its  fertility  rnd  in- 
creases its  moisture  holding  capacity,  mi  this  treatment  also  serves  to 
reduce  erosion  because  o.s  a  rule  organic  matter  increases  soil  aggrega- 
tion thus  making  the   soil  loss  erosive. 

If,  in  the  preparation  of  farm  management  pl'^.ns  for  irrigated 
lar.ds,  the  principal  concern  of  the  land  operator  is  -.vith  the  conserva- 
tion of  available  water  supply,  "the  problem  of  determining  proper  Icjid- 
uso  practices  for  that  particular  tract  m.ay  just  a.s  v;oll  be  approached 
on  the  basis  of  7rater  conservation  since  soil  conservation  (in  the 

strictest  sense)  nature.lly  follows  pjiy  improvom.ont  in  irrigation  methods 
and  practices. 
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Maiiitonr.nce  of  Soil  Fertility: 


Yflien  tho  prevailing  practices  on  irrigo..tod  f r.rms  arc  vic-Tcd  in 
rolo.tion  to  maintenance  of  soil  productivity,  ive  find  that  various  irriga- 
tion practices  are  by  coiD.parison  cither  conservative  or  "wo.stoiul,  .Heavj'' 
irrigations  noticeahly  reduce  the  fertility  of  the  soil,  especially  v;hen 
measured  by  nitrates.     Not  only  does  irrigation  affect  the  iiiirrediate  yield 
of  crops  to  ivhich  it  is  applied  but  because  of  its  effect  on  soil  fertility 
and  "subsurface  conditions,  it  also  has  on.  influence  en  the  ability  of  the 
land  to  proQuce  crops  in  following  years  ard  this  harmful  effect  (vrith 
rGforenco  to  rising  ground  i.'.rater  tables)  may  even  extend  to  neighboring 
farms . 

Thus  it  appears  tho.t  maintenance  of  fertility  is  one  of  the  m.ore 
serious  problems  encountered  in  irrigation  farming.     This  cones  about  in 
paa^t  from.  th.  e  fact  that  a  common  deficiency  in  iiumy  of  the  soils  of  arid 
regions  is  the  lack  of  orgaiTic  ma.torial,     Tho  failure  of  m.any  early  irri- 
gation enterprises  vfas  due  to  this  deficior-cy,  a  situ.ation  y;hich  ivas  ag- 
gravated by  the  optomistic  belief  on  tho  part  of  some  that  crater  is  the 
primary  facbbr  in  an  irrigation  enterprise  and  that  tho  quality  of  "'.iie 
soil  to  v;hich  this  v/ater  might  bo  o.pplied  is  a  m.atter  for  secondary  con- 
sideration.    Some  areas  once  successfully  used  for  dry  farming  and  for 
which  irrigation  imter  v;as  later  supplied  have  been  disappointing  be- 
cause of  >a  failure  to  recognize  that  profitable  dry  farming  is  possible 
with  soils  having  considerably  less  organic  content  then,  is  needed  in 
soils  for  irrigation  farming. 

The  application  of  barnyard  m.anure  is  the  most  satisfactory 
fficthod  of  adding  organic  matter  to  the  soil  for  the  correction  of  physical 
conditions.     This  practice  also  results  in  the  stimulation  of  bacterial 
activity  o.nd  the  influence  ef  acids  developed  during  decom.position  cf  ihe 
manure  in  changing  soil  phosphates  into  a  form  available  to  plants.  Be- 
cause tho  continuous  cropping  of  most  irrigated  loaid  is  impossible  \inless 
hinaus  is  added  to  tie   soil  in  order  to  develop  caid  miaintain  a  suitable 
soil  structure,  it  is  apparent  that  irrigation  farming  is  m.ost  likely  to 
be  successful  vhen  coupled  v.dth  the  production  of  livestock,  provided 
manure  supplies  are  carefully  conserved  and  applied  to  the  land. 

The  nitrogen  content  cf  the  soil  in  rrcxy  irrigated  areas  is  lovfj 
thereforo,  a  good  rotation  system,  including  the  occasional  use  of  a  culti- 
vated crop  and  of  a  Icgumdncus  crop  such  as  a,lfalfa  or  clover  on  each  field 
is  r:ji  important  means  of  m.aintaining  productivity.     The  use  of  cultivated 
crops  helps  to  control  v.'eeds  and  aerates  the  soil  v.iiich  malvos  the  plant 
food  materials,  especially  nitrogen,  more  available  to  iiie  plants.  Alfalfa 
or  the  clovers  gather  nitrogen  from,  the  air  cn.d  the  extensive  root  systems 
of  these  plants  aid  in  improving  the  physical  ccnditions  of  "the  soil. 
However,  efforts  to  increase  the  nitrogen  content  of  the  soil  are  in  vain 
iinloss  coupled  mth  proper  irrigation  practices.     Irrigation  increases  the 
speed  v/ith  vjhich  nitrogen  is  rendered  soluble  in  the  soil  but  excess  v/ater 
may  carry  the  readily  soluble  nitrogen  beyond  tho  feeding  area  cf  the 
plclnts.    Hence  tho  nitrogen  available  tc  the  plant  proportional  to  its  rc- 
quiroP-ents  m.ay  be  reduced  under  heaA^T-  or  careless  irrigations  -where,  un.der 
the  sam.o  conditioP-S,  a  system  ef  light  applications  vrould  result  in  soil 
improvem.ent. 


Soil  conservation  progrcans  for  irrigated  c.reas  should  provide 

for  the  dcvolopinoii.t  ojid  application  of  irforniation  for  each  farm  con- 
cerning the  fundancntal  conditions  of  its  soil,  the  reaction  of  this  soil 
to  the  application'  of  irrigation  wciter,  aiid  the  effects  that  arc  produced 
on  tho  soil  by  the  continuous  grovz-in^  of  irrigated  crops. 

Conservaticn  of  Soil  Moisture  and  of  Ys'ater  Supplies: 


Although  a  great  deal  of  einphasis  is  jf'ten  plr.ced  on  the  saving 
of  v\ratcr  vndch  is  lost  before  it  reaches  the  farn,  the  problon  of  attain- 
ing efficianc;:  in  tho  acturl  ar  plication  of  vfater  tc  the  Injr.d  is  frequently 
neglected.     The  question  of  v/ator  a'nplicatic^n  efficiency  is  one  rhich 
should  be  given  particular  attention  in  tho  preparation  of  all  farn  mcr.age- 
raent  plans  for  irrigated  areas.     Inefficiency  in  the  application  of  water 
is  nnt  only  v/astoful  cf  supplies  but  such  practices  usually  have  deleter- 
ious effects  on  the  soil,     S:i.io  of  the  adverse  effects  of  inefficient  or 
excessive  irrigations  are  rising  gro^ju'^d  viator  tables  and  accur.iulations  of 
alkali  on  low  I'^.nds,  the  leaching  of  solvent  nutrients  fror.  the  soil,  vnd 
the  loss  of  soil  by  erosion, 

"Water  application  efficiency"  by  the  most  cor.monly  usud  defini- 
tion of  tho  term  means  "the  percentage  of  -^^ratcr  applied  that  can  be  ac- 
c'-unted  for  as  s-oil  moisture  increase  in  tho  scil  occupied  by  the  princi- 
pal ryoting  systcn  of  the  crop".    Y.'ater  application  efficiencies  are  in- 
fluG3iced  by  a  variety  jf  factors.     Some  cf  these,  such  as  tho  texture, 
depth,  ard  permeability  cf  tho  soil,  may  vary  greatly  from  place  to  place 
on  a  farm  rn^d  are  not  subject  to  control  by  the  farmer.     The  principal 
factors  x.hich  are  subject  tc  the  farmer's  control  are  the  m.ethods  used  in' 
applying  water,  quantities  of  v/atcr  used  and  the  time  rate  of  application, 
and  the  adequacy  of  land  preparation  prior  to  irrigation. 

Soil  m.olsture  is  lost  from  irrigated  l^nd  by  transpiration 
through  plants,  surface  evaporation,  and  deep  percolation.     Tncre  is  no 
way  in  which  transpiration  losses  can  be  reduced  although  pronor  fertili- 
zation :uid  good  cultural  practices  will  increase  crop  production  in  pro- 
portion to  the  total  amoiAnt  of  v/ater  consum.ed.     Surface  evaporation  is  af- 
fected to  som.e  extent  by  the  length  of  time  and  the  amount  cf  water  applied, 
but  aside  from  the  possibilities  of  controlling  this  factor  there  are  fevr 
feasible  m^ethods  of  reducing  evaporation  losses  cjid  these  may  be  employed 
only  under  ccrtr.in  favorable  conditions.    For  exaiTiple,  on  som.e  soils  and 
^rith_  some  crops  artificial  mulches  of  straw,  paper,   etc.,  rn-d  naturo.l 
mulches  produced  by  cultivation  may  be  used  to  reduce  soil  m.oisturc  losses 
by  evaporation. 

Thus,  from  a  practical  viev/'point  particular  attention  must  be 
given  to  tho  problem  of  soil  moisture  losses  by  deep  percolation.  Since 
deep  percolation  (o.nd  o.lso  waste  of  water  by  surface  runoff  during  irriga- 
tion) is  -duo  to  improper  handling  of  water,  it  follows  that  reductions  in 
scil  m.oisture  losses  miist  be  brought  about  almost  entirely  by  improvements 
in  irrigation  practices  coupled  i-fith  proper  seasonal  distribution  ond  regu- 
lation of  vfater  supply.     It  is  a  well  knov/n  fact  that  deep  percolation 
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lossGS,  being  concealod,  are  frequently  \A:ider-cstinated,  Therefore, 
careful  measurements  cf  the  volume  of  water  applied  to  every  tract  at 
each  irrigation  are  necessary  for  the  purpose  of  revealing  actual  \;-ator 
losses  resulting  from  inefficient  methods  of  application.     Farm  mianage- 
mert  plans  should  include  provisions  for  the  installation  cf  appropriate 
v/ater  measuring  devices  ond  the  l:eoping'of  complete  records  relative  to 
the  use  of  Irrigation  v/ater  on  the  farm, 

ExpcriTTients  indicate  arid  dem.onstrations  have  proven  that  the 
m.aximum  economy  in  the  use  cf  irrigation  water  is  secured  by  the  use  of 
smrJl  and  relatively  frequent  applications  so  that  soil  -Yithin  the  zone 
of  root  groiTth  m-ay  absorb  all  of  the  water  applied  before  it  has  tir:e  to 
percolate  to  lower  depths.     The  general  rule  th;.\t  light  applications  are 
best  is  based  on  the  fact  that  each  irrigation  increases  the  m.oisture  in 
the  upper  portions  of  the  soil  m.ore  than  the  lower  depths  so  that  light 
applications  have  a  great  proportionate  influence  on  soil  r^oisture  avail- 
able to  the  crop  than  is  obtained  by  heavier  applications.    The  rule  that 
relatively  frequent  applications  are  desirable  is  based  on  the  fact  that 
soil  Vifhcn  too  dry  does  not  increase  in  moisture  content  as  rapidly  after 
irrigation  as  if  the  moisture  content  i7cre  just  right.     Thus  /  from,  a 
practical  standpoint  it  is  desirable  that  light  irrigations  be  miade  at 
proper  intervals,   the  frequency  of  \7hich  is  determined  by  the  mioisture 
content  of  the  soil  at  any  given  time.    Provisions  for  proper  frequency 
and  limitations  as  to  tlic  am.ount  of  water  to  be  applied  at  any  single 
irrigation  should  be  included  in  farm;  management  plan.s. 

With  regard  t--^  distribution  of  water  supply,  it  is  necessary  to 
recognize  that  maximum-  application  efficiencies  (and  this  includes  con- 
servation of'  soil  moisture)  cannot  bo  secured  unless  the  ivater  user"  is 
assured  of  constant  and  adequate  flovj-s  during  the  irrigation  period.  One 
someivhat  exceptional  example  of  this  problem  is  fovmd  on  smiall  stream.s 
Vj'hcro  there  is  a  vride  daily  fluctuation  of  strca:.:  flow  with  the  peak  flow 
frequently  coming  at  ni.^ht,  which  makes  the  proper  handling  of  water  oji 
extrem.ely  perplexing  problem.     Under  such  circxiiastances  siiirJl  equalizing 
reservoirs  are  necessary  to  the  adoption  of  good  irrigation  practices,  A 
m.ore  common  and  also  r^ore  iriportant  requircp..ent  in  most  irrigated  areas 
is  the  need  for  adequate  v/ater  storage  in  order  to  assure  proper  seasonal 
distribution  of  vfatcr.    VJhen  faced  with  an  abundaaat  water  supply  during 
the  spring  and  early  sum:ner  months  and  an  assured  water  shortage  during 
the  late  sumjrier  and  fall  months ,  many  farmers  mrJcc  the  mdstakc-  of  attempt- 
ing to  conserve  the  water  hy  over-irrigating  vfncn  the  abater  is  available. 
Such  a  practice  is  wasteful  of  water  that  might  be  beneficially  used ' in 
some  IcYrer  .area,  often  contributes  to  the  waterlogging  of  contiguous  lower 
land,  contributes  to  excess  leaching  of  plant  food,  is  often  harmful  to 
the  groviring  crops  and  to  the  soil.     It  vrould  appear,  therefore,  that  for 
those  areas  where  adequate  storage  facilities  are  impossible,  farm,  m.coiage- 

m.ent  plans  should  bc.mvade  only  after  a  careful  consideration  of  those 
crops  most  adaptable  to  the  average  moisture  conditions  for  the  season 
v/ith  stress  being  given  to  the  proper  use  of  available  irrigation  water. 

Since  the  proper  am.ount  cf  irrigation  vrater  to  be  used  in  any 
given  case  is  determined  by  a  variety  of  physical  and  econcmiic  factors 

that  change  vrith  each  set  of  conditions,  it  is  impossible  to  promote  water 
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application  efficiencies  on  particular  f arris  through  the  usual  educational 
ricans.     That  is  to  say,  the  maxirnur.  devclorr.ent  of  efficient  methcls  in 
irrigated  areas  can  be  secured  only  by  iiaking  technical  persorncl  and 
other  forris  of  assistance  directly  available  to  irric;ation  farmers  v:ho  do- 
sire  to  inprove  their  land-use  practices.     In  order  to  properly  advise 
f'lrr.ors  as  to  the  inost  efficient  use  of  irrigation  v;ater,  plaraiing  tccl-ini- 
cians  rr.ust  knov;  for  eacli  field  the  texture  and  structure  of  the  soil  -.nd 
subsoil  and  dspth  of  each,  efficiency  of  subsurface  drainage,  vmter  hold- 
ing capacity  of  the  soil,  ard  the  appro:cino.te  seasonal  moisture  rcquiro- 
norts  for  tlic  different  adaptable  crops. 

Plans  for  securing  efficiency  in  the  use  of  irrigation  -water 
riust  usually  bo  developed  vri.  th  individuals  but  rr.ny  problens  concerning 
the  c onscrv.tion  of  avcilabl  -;  vratcr  supply  'jill  require  the  cooperation 
of  entire  groups.     Such  group  probler.is  vill  usually  concerr  the  najor 
elei.iCnts  of  an  irrigation  systtjin  such  as  headv/orks ,  storage  and' regulating 
reservoirs,  craial^  and  ditchc:?  to  carry  water  to  poii:ts  of  delivery,  osA 
the  problcn  of  ad:  g'.nis toring  ard  distributing  water  to  the  individual 
users.     The  bringing  about  of  logical  water  distribution  policies  'ynich 
v,dll  reward  skillful  CvP.d  intelligent  use  of  water  and  penalize  guesswork 
and  careless  methods  is  a  particularly  iinportant  natter  requiring  group 
action,    Viihicre  independent  irrigo-tion  enterprises  hax^e  constructed  n^uraer- 
ous  ditches  in  relatively  snail  areas,  group  action  vrill  be  needed  to 
effect  the  cor Solidation  of  irrigation  systens  in  order  to  elininate 
waste  of  water  rnd  duplication  of  effort. 

The  initiative ' for  such  group  actions  as  have  been  suggested 
above  slioul,"'.  cone  fron  the  interested  parties  but  it  may  often  be  necessary 
for  then  to  enlist  tl-ie  support  of  public  agencies  in  order  to  ovorcone 
opposition  on  the  part  of  the  fev/  vho  fear  that  their  established  vrater 
rights  are  to  be  in  scne  way  conpronised  by  the  effectuation  of  local  soil 

and  r/ater  conservation  prograns.     The  disinterested  position  of  certain 
federal  "nd  state  agencies  nay  enable  then  to  perforn  important  public  ser- 
vices in  such  situp.tions.     In  this  connection  it  is  suggested  that  organ- 
ized soil  conservation  districts  nay  serve  as      useful  nediun  for  tiie  pro- 
notion  of  cooperation  beti:.-eon  landoisr.ors  having  related  interests  on.d  v^rho 
desire  to  carry  out  conservation  prograns  for  irrigated  areas.     It  is 
possible  that  thie  placing  of  sone  irrigation  systcnis  under  the  control  of 
a  local  orgau.ization  having  public  functions  (such  as  a  soil  conservation 
district)  vj-juld  pave  the  way  for  the  inprovenent  of  existing  irrigation 
systens  in  a  narner  Y.h.ich  would  be  to  tlio  best 'advrn.t age  of  the  connunity. 
The  transfer  of  ovmership  .and  control  of  these  irrigation  systens  fron 
private  organizations  to  a  govern::iental  unit  should  bring  atou.t  general 
benefits  such  as  decreased  costs  for  naintenance,  nore  orderly'"  distribu- 
tion and  nore  econonical  use  of  wo.tor,  and  transfer  of  vratcr  fron  poor 
lands  to  better  lands.     Besides,  through  such  a  public  organization,  com- 
pett:nt  technical  assistance  could  be  nado  available  to  land  operators  de- 
siring to  inprove  their  irrigated  land-use  pro.ctices. 
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Noxious  I'Yeods  and  Plant  Diseases: 


Irrip;ated  areas  appear  to  be  highly  susceptible  to  the  spread  • 
of  noxious  perennial  weeds.     This  results  from  tlie  fact  that  irrigation 
waters  furnish  an  ideal  trcjisportation  medium  for  many  weed  seeds.  Ditch 
banks  and  other  lands  occupied  by  distribution  systems  do  not  lend  them- 
selves readily  to  cultivation  for  weed  control,  end  abandoned  farms  and 
watershed  areas  produce  weeds  which  spread  readily  to  the  cultivated 
areas  by  the  m.eans  noted  above* 

The  importance  of  noxious  weed  control  is  indicated  by  one  ap- 
proved soil  building  practice  in  the  I9U0  A. A. A.  program  in  Utah  vrhere 
paj'm.ents  of  ■fp7«50  per  acre  are  allowed  for  the  eradication  of  pereiuiial 
noxious  weeds  on  seriously  infested  plots.     In  this  program  credit  is 
given  for  the  control  of  the  follovring  v;eeds:     C.-nada  Thistl.. ,  Bind  Vleed 
or  Korning  Glory,  ".^hite  Top,  Leafy  Spurge,  Perennial  RagTiveed,  and  Russian 
Khap  Feed. 

Also,  it  is  laiov,fn  that  the  presence  of  injurious  plant  diseases 
or  root  parasites  :  s  bocomdng  increasingly  mtore  comiiion  in  certain  irri- 
gated areas.     A  change  in  the  type  or  kind  of  crops  grorm  may  be  necessary 
to  meet  this  condition.     In  some  localities  the  ac com.pl ishrr.ent  of  needed 
changes  in  cropping  systcm.s  m.ay  be  brought  only  by  providing  additional  • 
v/ater  storage  facilities  in  order  to  secur-'^  the  seasonal  distribution  of' 
wo.ter  that  may  be  .necessitated        the  nev;  substitute  crops.    At  any  rate, 
it  is  apparent  tho.t  policies  adopted  for  soil  conservation  v/ork  in  irri- 
gated areas  should  take  into  consideration  the  problcm.s  resulting  from 
tiie  presenco  of  noxious  v/ecds  and  plant  diseases. 

Adaptation  of  Crops  to  Irrigation  Farming: 

Some  irrigation  enterprises  possess  a  witio  range  of  crop  adapta- 
tion whereas  in  other  situations  the  number  of  important  crops  tlriat  can 
bt..  successfully  grovm  arc  quite  limiteu.    Also,  it  is  observed  that  many 
areas  of  soil  once  favorable  for  a  particular  crop  are  no  longer  suitable 
for  that  crop  because  of  modifications  brought  about  in  the  soil  by  the 
effects  of  irrigation, 

Va.riations  in  the  qucjitities  of  irrigation  ivater  applied  to 
crops  not  only  affect    the  total  yield  of  dry  natter  but  also  the  compo- 
sition of  the  plant  itself.     This  fact  has  been  brought  out  by  numerous 
investigations  undertaken  at  the  agricultural  colleges  cjic  elsewhere. 
The  1959  Yearbook  of  Agriculture  indicates  the  popularization  of  knov^ledge 
concerning  the  nutritive  value  of  harvested  plants  and  the  relationship  of 
th.is  factor  to  the  food  requirements  of  both  m.en  and  3Jiim.als,     Som.c  ex- 
periments have  demonstrated,  for  example,  that  corn  groi\7i  under  irrigation 
is  ii!orc '  valuable  for  humian  rjid  animal  nutrition  than  similar  corn  grown 
without' irrigation,  •  .  .  • 

Because  the  irrigation  farm.or  is  able,  within  certain  lirndts, 
to  regulrte  the  kind  and  quality  of  crops  grovm,  it  is  quite  possible  for 
him  to  produce  agricultural  products  cf  superior  quality.     This  suggests 


-20- 


a  possible  mccji^  of  overcomi.ng  sone  of  the  economic  handicaps  attached 
to  irrigr.tion  farming,    Ilonce  there  mr.y  be  occasions  to  consider  this 
possibility  in  connection  v/ith  the  preparation  of  farm  conservation  plcais. 

Sunnary; 

As  pointed  out  herein,  comprehensive  and  coordinated  progr?jas 
for  soil  conservation  and  erosion  control  in  irrigated  areas  shov.ld  be 
based  on  a  cr.rcful  consideration  of  a  variety  of  problems  commonly  asso- 
ciated v;ith  irrigation  farming, 

lUcx-Y  of  these  problems  are  such  that  they  may  bo  m.et  only  by 
action  on  tli.^  P'"i"fc  of  organizations  having  power  end  authority  to  provide 
for  the  construction,  m.aintcnance ,  operation,  and  administration  of  the 
major  elements  of  a  given  irrigation  system.     Furthermore,  it  is  frequently 
difficult  or  impossible  for  irrigation  farmers  to  effectively  carry  out 
soil  conservation  plans  on  their  lands  until  certain  adjustments  or  develop- 
ments have  been  mn.de  by  the  group  v.rith  ij-hich  they  are  associated. 

Some  of  the  more  important  problems  vrhich  ordinarily  require 
group  action  are:     adoption  of  v.:ater  distribution  policies  vrhich  rev/ard 
consorvativw  use  of  water  and  penalize  wasteful  use;   equitable  adjustments 
in  v;atcr  rights  to  overcomi.c  objections  to  proposals  for  improvements  in 
irrigation  systems;   construction  of  storage  and  equalizing  reservoirs;  ojid 
the  distribu.tion  of  costs  for  viator  storage  projects  bet^.veen  landoY;7iers 
r.'hosc  capital  assets  arc  increased  and  the  public  V'/hich  secures  flood  con- 
trol ".nd  other  benefits  from,  sudi  dcvelopm.ents .     In  some  cases  the  effectu- 
ation of  necessary  Treasures  m.ay  call  for  the  ov.n.ership,  control,  cr  regula- 
tion of  irrigation  system.s  and  v/ater  supplies  by  legal  organizations  halving 
authority  to  perform,  public  functions. 

Assistance  to  individual  landov.mers  in  the  preparation  and  ef- 
fcctuati-.n  of  soil  conservation  a.nd  land  inraiagemont  plans  for  irrigated 
farm^  should  usually  be  conditioned  on  the  v.dllingness  and  ability  of  the 
cooperatcr  to  include  the  follevdng  in  the  adopted  ploja: 

1,  Installa>.tion  of  v.'-ater  measuring  devices  and  provisions 
for  the  keeping  of  complete  :~a'.d  detailed  records  as  to  the '  am:Ount 
of  water  used  on  each  particular  tract  covered  by  the  plan, 

2,  Specified  irrigation  practices  for  each  cultivated  tract 
with  particular  reference  to  size  ax d  gradient  of  ditches,  size 
of  ditch  outlets,  length  of  irrigation  runs,  and  size  of  irriga- 
tion head  to  be  used, 

3,  Limitations  as  to  the  m.aximum  aincunt  of  water  to  be 
ci.pplied  at  any  single  irriga^tion  and  provisions  concerning  the 
tim.e  and  frequency  of  irrigation  v/ith  reference  to  soil  moisture 
conditions  and  the  needs  of  particular  crops. 

Specified  general  practices  for  the  c onservoLtion  of 
soil  and  water  including  cultur.l  methods,  land  preparation. 
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inst,:^Jlr-,tion  of  her.dgatcs  '^.r.d  other  venter  control  dcvicesj 
erosion  control  structures  in  ditchos  o.nd  cojialsj  ■".nd  in- 
stallc.tion  of  dro.ino.go  systoi.-is  iThoro  noccssory, 

AclaiOT-lodrncntG : 

Mojiy  of  the  statenon'cs  in  this  paper  arc  based  on  infomation 
dcYv^lopcd  "by  tho  Utah  Agricultural  Experiment  Station,     Tho  ;-,T:^iter  is 
also  indebted  to  raenbcrs  of  iho  Conservator's  staff  in  Region  VIII  for 
valuable  assis t-r^XiCe, 
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